The interaction of oxidized and fragmented SOD with liposomes has been reported to induce the original SOD-like enzymatic activity (L.Q. Tuan et al., Langmuir, 24 (2008) 350-354). The effect of several kinds of liposomes on their recruited activity of oxidized and fragmented SOD was first investigated. The addition of zwitterionic liposomes with high membrane fluidity or that with positive charge was found to increase the SOD-like activity of fragmented SOD although the negatively charged liposome has no effect on its activity. The SOD-like activity was found to be related to the adsorbed amount of the peptides on the liposome surface. The analyzed characteristics of the peptide, together with the above findings, imply that the liposome-recruited activity of the fragmented SOD was related with the recognition of the SOD fragment by the liposome caused by the combination of electrostatic and hydrophobic interaction, and hydrogen bonding between the peptide and liposome membrane.
Introduction
Superoxide dismutase (SOD) is a metalloenzyme that contains copper and zinc at its active site and catalyzes the dismutation of superoxide into oxygen and hydrogen peroxide 1) . However, under oxidative stress conditions, SOD fragments into small debris 2, 3) , which has no enzyme activity 4 6) . The inactivation of SOD is halted by some substrates 6, 7) and by assisting with POPC liposomes 8) .
It has recently reported that the liposome membrane can recruit the oxidized SOD fragment on its surface to produce a complex that has enzyme activity 9) . Among the fragments generated after SOD oxidation 10, 11) , some specific peptides contain its active site ( 5 and 10 kDa) 12) , although these fragments have no SODlike activity. The recruiting mechanism of fragmented SOD on membrane was considered to involve the refolding and conformation of peptides by hydrophobic, electrostatic interaction, as well as mirodomain formation, in which liposomes perform a molecular chaperone-like function 13 15) .
Much effort has been devoted to the design and development of artificial antioxidative enzymes 16, 17) . A model biomembrane, liposome, is a possible candidate to provide a common platform for different catalytic centers of SOD. Such a liposome herewith possesses several benefits in the regulation of catalytic activity, where it can provide (i) a nano hydrophobic environment, (ii) a stress-responsible character, (iii) a microdomain structure, and (iv) membrane-membrane interactions. Some researchers have reported the effectiveness of the use of a model biomembrane (liposome) as a platform to immobilize the functional catalytic center 18 20) . Enzyme-like activity, such as that of SOD 8, 9, 18) and cholesterol oxidase 21) , has already been regulated by the membrane properties of the liposome, as well as affording functional elements on the liposome surface. The above enzyme-like function of liposome, which can herewith be defined as "LIPOzyme" 22) , can be utilized for the design of the artificial enzymes.
The final purpose is to characterize the oxidized and 
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Materials
1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC : and was used for liposome preparation. All other reagents of analytical grade were purchased from Wako Pure Chemical (Osaka, Japan).
Preparations of Liposomes
The lipids were dissolved in chloroform/methanol (10 mM lipid prepared will be diluted to 2 mM for each experiment). POPC/Chl 28% was composed form POPC and Cholesterol with 28% mole in comparison to POPC. After the solvent was evaporated, the resulting thin film was dried for at least 2 hours under a vacuum.
The lipid film was hydrated by 50 mM potassium phosphate buffer to form the multilamellar vesicles. The solution of the multilamellar vesicle was frozen in dry ice-ethanol (-80 ) and incubated in the water bath above the phase-transition temperature. The above freezing-thawing treatment was repeated five times and was then passed through two stacked polycarbonate filters of 100 nm pore size by using an extrusion device to adjust the liposome size.
Characterization of Membrane Fluidity
The membrane fluidity of liposomes was determined by using a hydrophobic fluorescence probe, diphenyl hexatriene (DPH) 23) . DPH was added to the solution where I// and I are the intensities of the light emitted with its polarization plane parallel (//) and perpendicular ( ) to that of the exciting beam, respectively. The term "fluidity" is inversely proportional to the degree of fluorescence polarization of the probe; that is, the "membrane fluidity" of the interior of the membrane was defined by (1/P) of DPH. For the SOD activity, a highly water-soluble tretra-
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salt], produces a water-soluble formazan dye upon reduction with a superoxide anion, where the rate of the reduction with O2 .-is linearly related to the xanthine oxidase (XO) activity and is inhibited by SOD.
The absorption spectrum of WST-1 formazan was measured at 450 nm, and the SOD activity as an inhibition activity can be quantified through the decrease in color development 24) . Statistical Analysis. Results are expressed as means standard deviation (SD). All experiments were performed at least in triplicate. Data distribution was analyzed, and statistical differences were evaluated using Student's t-test. A P value of 0.05% was considered significant.
Results and Discussion
Activity and Adsorption of Oxidized and
Fragmented SOD Recruited on Various Liposomes The liposome has reported to recruit the oxidized and fragmented SOD on its surface and induce the SOD-like activity 9) . The fragmented SOD was also shown to acquire its secondary structure through the coordination with metal ions on the surface of the liposome 26) . The effect of liposome types on the liposomerecruited activity was investigated. Fig. 1(a) shows the SOD-like activity of the fragmented SOD (2 M) with Cu and Zn (10 mM) in the presence of various types of liposomes (2 mM lipid). In the presence of POPC liposomes, the SOD activity was approximately 50%, which is compatible with the previous results 9, 26) . The value was reduced depending on the type of zwitterionic lipid (DMPC and DPPC). As shown in Fig. 1(b) , the membrane fluidity was reduced in correspondence with the decrease of the SOD activity. It has been reported that the phase transition temperature of the POPC, DMPC, and DPPC liposomes are -4 , 23 , and 45 , respectively 27) , where the POPC liposomes exists in a liquid crystalline phase at the temperature tested here. It has also reported that the membrane fluidity of the liposome could increase the hydrophobicity of the liposome surface 28, 29) . The above tendency of the SOD activity could be related to the hydrophobic interaction between the fragmented peptides and liposome membrane.
As shown in Fig. 1(a) , the SOD activity was further increased in the case of the POPC/Ch liposome, resulting in the 62% activity, although the membrane fluidity was not significantly increased ( Fig. 1(b) ). It has been reported that the POPC/Ch liposomes possess microdomain structures on its surface and the microdomain structure shows higher affinity with the peptide components 30) owing to the hydrogen bond stabilization of the peptide on the membrane 21) . It has been reported that the stability of the hydrogen bonds of the main backbone of the peptide could be modulated with the wrapping hydrophobic residues 31) . The hydrogen bonds, which contribute to the conformational change of fragment and its interaction with liposome, could be enhanced in the hydrophobic environment provided by the liposome membrane.
The effect of the charged liposome was also investigated by adding the POPG and DOTAP liposome. An opposite effect on the liposome addition was obtained.
The SOD-like enzymatic activity was reached to 78% in the presence of DOTAP while the value was only 3% in the case of POPG liposomes (right keys in Fig. 1(a) ).
The calculated net charge of head group of a lipid molecule at this experimental condition was shown in Fig. 1(b) . Different from the above liposomes (POPC, DMPC, DPPC, and POPC/Ch), the surface of POPG liposomes has been negatively charged owing to the phosphate group and that of DOTAP has been positively charged by the contribution of the tetra-ammonium group. As can be seen in the chemical structure of the PC-lipids, it also has a positively charged choline-group together with the phosphate group, implying that the edge of membrane surface has positively-charged group. It has been reported that the liposome could interact with the negatively charged biomacromolecule (i.e. RNA) because of their electrostatic interaction 32) .
The above results and the previous findings show that the fragmented SOD to be recruited on the surface of liposome because of the electrostatic interaction between them.
In all the condition of various liposomes, the adsorption amounts of the fragmented SOD on the liposome were analyzed by using the ultrafiltration technique as shown in Fig. 1(c) The molecular weight of the oxidized and fragmented SOD was analyzed by using the SDS-PAGE. The surface characteristic of the fragmented SOD was finally discussed based on the above results and also the basic database of the native SOD. The structure data of the Cu/Zn-SOD (PDB ID : 1CBJ) were used for the discussion in Fig. 4 . Fig. 4(a) shows the position of the His residues in the SOD structure, where the 6 His residues contribute to the formation of its activity center among 8 residues. The position of the secondary structure of SOD was shown as solid lines in Fig. 4(b) , where -sheet structure is mainly Fasman method, was also shown as curves in Fig. 4(b) .
Although the predicted score in general matched with the actual secondary structure in the case of -sheet or -turn, some unmatched domains were observed in focusing on the predicted -helix value; where the relative scale was high in Nos.18-30, 74-80, 95-100, 92-124 although the actual structure was -sheet or -turn structure. Fig. 4(c) shows the relative values of the surface charge of the side residues of the amino acids, where the negative charge were clustered in the N-terminal region (No. 10-40) and middle region (No. 70-90). The hydropathy plot was shown in Fig. 4(d) , where the hydrophobic residues were assembled in some domains along the amino acid sequence (Nos.1-12, 22-38, 81-120, and 130-152). As shown in Fig. 4(e) , the stability of the hydrogen bonds of the main chain and side residue were also plotted based on the previous method on the calculation of the hydrogen bondwrapping 31, 33) . There are some valleys in the curve of hydrogen bond stability of both main chain and side residues. The results obtained in the previous section show that the SOD fragment has negative charge and hydrophobic surface (Fig. 1) . Among the possible sequences of the SOD, the amino aside residues harboring the above two characteristics were picked up and were shown as yellow-colored bands. It has been reported that the proteins with under-wrapped hydrogen bonds could favorably interact with the lipid membrane 31) . Among the yellow-colored bands, the specific domains with low stability of the hydrogen bond were further shown as blue-colored bands.
Although the fragment recruited on the liposome has not been specified yet, it is suggested that the parts of the SOD shown as yellow-and blue-colored bands in (Fig. 4(e) ), considering the potential ability to form the -helix of the peptide (unmatched region of predicted and practical secondary structure in Fig. 4(b) ). The above results also imply that the obtained fragment characteristics could provide useful information on the "molecular-recognition function" of the lipid membrane itself.
